We have been studying microbial resistance to butyltin compounds and the degradation of tributyltin spiked into samples of Chesapeake Bay waters. Butyltin species were identified and quantified using a gas chromatograph equipped with a tin-selective flame photometric detector (GC-FPD), providing ng/l detection limits. No biodegradation of a tributyltin spike (1 ug/l, final concentration) was detected in water samples (from Annapolis and Baltimore Harbor) collected in winter and incubated in the laboratory at the in situ temperature. However, degradation of tributyltin to dibutyltin and monobutyltin species was detected in samples collected in summer. Incubation of these samples under incandescent lamps accelerated biodegradation, suggesting the involvement of photosynthetic microorganisms. At certain times in these degradation experiments, tetrabutyltin was detected by GC-FPD and confirmed by gas chromatography-mass spectrometry.
INTRODUCTION
Organotin-based antifouling coatings are increasingly used worldwide by private and commercial vessels. Formulations employing the tributyltin moiety as the toxic agent are most often used'. However, the environmental fate and effects of the leached tributyltin is not fully understood. Laboratory hioassays have shown that the tributyltin species is toxic to several species of marin life, including fish', copep ds3, oyster' and crab5 larvae and mysid shrimpg at pg/l (parts per billion) and lower levels in sea water. Reported levels of tributyltin in marine and estuarine waters range from undetectable (current detection limits about 1.0 ng/l) to as much as 0.3-used harbor and marina
The role of microorganisms in the degradation of tributyltin in marine and estuarine waters and its bioaccumulation is largely unknown.
Several previous investigations, summarized in Table 1 , have shown biodegradation of relatively high levels of tributyltin by pure cultures of algae, fungi and bacteria. However, little information is available as to the rates and pathways of tributyltin degradation by natural microbial populations at environmental (parts per billion and lower) concentrations. In one reported instance, tributyltin cation was rapidly adsorbed on the cell envelope of gram-negative estuarine bacteria without biotransformation or affect on bacterial growth."
This paper describes some of our research on the occurrence of tributyltin-resistant microorganisms in Chesapeake Bay and the biodegradation of tributyltin by populations of estuarine microorganisms.
MATERIALS AND METHODS

Sample collection
Samples were collected from various sites in Chesapeake Bay, from docks o r piers or aboard the research vessel Ridgely Warfield. Water samples were aseptically collected at approximately 1 meter depth using sterile Niskin bags (for microbial enumeration) or sterile glass bottles (for degradation experiments). Surface sediment samples were collected using a grab sampler. All samples collected aboard ship were processed immediately. Those collected from docks were transported to the laboratory at the in situ temperature and processed within 3 hours of collection. Numbered sample sites correspond to stations established by the Chesapeake Bay Institute, Shady Side, MD.
Bacterial enumeration
Samples of water o r sediment were diluted in sterile t bes of artificial estuarine salts solution", and 0 . 1 -0.2 ml was spread onto the surface of an artificial estu rine salts agar medium described previously" except made half strength with respect to organic components. Butyltin chlorides (obtained from commercial suppliers) were prepared as methanol concentrates (approximately 1000 mg/l) and were added to the warm molten agar medium prior to pouring plates. Inoculated agar plates were incubated in the dark for one week at 22OC prior to counting colonies. --
30°C, malt Bu2Sn2+ extract
--
Butyltin measurements
Concentrations of butyltin species in Chesapeake say waters were determined by means of a combination hydridization/dichloromethane extraction procedure with ultratrace (ng/l) detection and quantitation by a gas chromatograph equipped with a tin-selective flame photometric detector ref. 9) . All data are expressed as ng S n / l .
Biodegradation studies
Surface water samples from industrially impacted (Baltimore Harbor) and marina (Annapolis) locations were distributed (800 ml) into 1.2 1 bottles and a spike of a chromatographically purified aqueous tributyltin solution17 was added to give a final concentration of approximately 1 ug/l. Samples were incubated aerobically at in situ temperatures in the dark or under a bank of 40-w incandescent lamps. Aliquots were periodically removed for butyltins analysis using the above GC-FPD method. Autoclaved (12loC, 15 min) samples served as sterile controls.
Biodegradation experiments with pure cultures of tributyltin-resistant Chesapeake Bay bacteria were,gonductea with cells pregrown in Nelson mediilm plus 100 ug/l tributyltin.
The cells were washed (centrifugation at 6000 x g, 15 min, resuspension in artificial estuarine salts 125 ml of the medium. Aliquots were removed periodically for CC-FPD analysis.
RESULTS AND DISCUSSION
Occurrence of tributyltin in Chesapeake Bay
Surface water samples from north and south portions of the Chesapeake Bay showed generally low ( < 10 ng/l) levels of tributyltin species and undetectable levels of dibutyltin species (Table 2) . Exceptions were samples from Annapolis and Little Ck. stations which showed elevated levels of di-and trib t ltin species. ( Figure 3 ) and Baltimore Harbor showed Lhe presence of tetrabutyltin (trace to 0.3 ug/l concentrations). The identity of tetrabutyltin was confirmed by GC-mass spectrometry. Tetrabutyltin occurrence was sporadic, usually occurring in only one of the duplicate samples. However, tetrabutyltin was observed only in light incubated samples and not in sterile samples incubated in the light. This suggests involvement of photosynthetic microorganisms in tetrabutyltin production, possibly via a redistribution reaction with tributyltin. We have detected tetrabutyltin in surface microlayer and drydock samples9. The origin of tetrabutyltin in these samples is unclear and could also be attributed to impurities in tributyltin antifouling paints.
Two unidentified peaks appeared in chromatograms from the Annapolis water samples during Representative chromatograms from time course biodegradation experiments shown in Figure 2 . Production of mono-and dibutyltin species along with two unidentified peaks occurs with time under incandescent light incubation. A small amount of degradation occurs in sterile controls An aqueous tributyltin research materiali7 (bottom) was used to spike the samples. Dipropyltin was used as an internal standard.
the course of the biodegradation experiment ( Figure 3) . The peaks appear between monobutyl and dibutyltin (retention time 3.61 min) and di-and tributyltin (retention time 6.75 min). The latter peak also appeared in the sterile control at a lower concentration. Whether these peaks represent additional tributyltin degradation products, methylated mono-and dibutyltin species, or perhaps non-tin containing molecules (i.e. sulfur containing species) is uncertain at present. The peaks were not seen in chromatograms from darkincubated samples. Tributyltin degradation experiments with pure cultures of algae are underway to identify these products.
Experiments using pure cultures of tributyltinresistant bacteria from Chesapeake Bay ( Tables   2,3) have shown little or no degradation of tributyltin added (100 ug/l, final concentration) to cultures of these organisms. It seems that biodegradation of tributyltin is not a common mechanism of resistance in tributyltinresistant estuarine bacteria.
